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------------------------- START OF CHANGE 1 -------------------------
[bookmark: _Toc13040232][bookmark: _Toc13069547]5.3.4	Measurement rooms
[bookmark: _Toc16091326]5.3.4.1	Geometry
The parameters of the measurement rooms evaluated in this study are described in Table 8. All rooms are equipped with sub-woofer setup for the playback according to ES 202 396-1 [4] and with eight satellite loudspeakers in overall for the playback according to TS 103 224 [5].
Table 14: Measurement rooms
	Company
	Name
	Length [m]
	Width [m]
	Height [m]
	Comment

	HEAD acoustics GmbH
	Room#1
	2.40
	3.40
	2.05
	Same chamber type and design as Room 2

	
	Room#2
	2.40
	3.40
	2.05
	Same chamber type and design as Room 1

	
	Room#3
	2.90
	3.10
	2.05
	Different manufacturer than Room 1,2,4

	
	Room#4
	1.80
	2.40
	2.05
	Smallest chamber

	Intel
	Room#5
	5.57
	4.67
	2.93
	Trapezoidal room

	
	Room#6
	3.60
	3.00
	2.05
	



Figure 89 to Figure 91 depict schematic representations of the six rooms, including positions of the eight loudspeakers, subwoofer and location of HATS.
	[image: ]
	[image: ]


[bookmark: _Ref15994209]Figure 89: Schematic representation of Room#1 and Room#2
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Figure 90: Schematic representation of Room#3 and Room#4
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[bookmark: _Ref15994213]Figure 91: Schematic representation of Room#5 and Room#6

[bookmark: _Toc16091327]5.3.4.2	Acoustic Room Parameters
In both noise field simulation specifications, certain objectives regarding reverberation time (RT60) and clarity (C80) of the measurement room are provided. These acoustic room parameters are typically derived from impulse response, which can be measured in different ways. Manufacturers of measurement chambers may provide such parameters in the data sheet, but it is often unclear how it was measured. For self-build chambers, these numbers have to be measured anyway.
In order to avoid ambiguous statements about these acoustic parameters, they were measured in the same way across all labs. During the equalization procedure according to TS 103 224, sweep signals from each loudspeaker to each equalization microphone are captured, which were reused for the determination of the acoustic room parameters. By using the eight-channel microphone array with eight loudspeakers, 64 impulse responses are calculated per room. For each of these impulse responses, the parameters RT60, C80 and C50 (for information) are calculated. The average values for all rooms are shown in Table 15.
[bookmark: _Ref16093015]Table 15: Acoustic parameters of labs (average)
	Name
	RT60 [ms]
	C80 [dB]
	C50 [dB]

	Room#1
	115.5
	31.6
	24.3

	Room#2
	117.8
	32.1
	24.3

	Room#3
	54.9
	35.8
	30.3

	Room#4
	88.2
	34.4
	30.0

	Room#5
	107.2
	29.2
	23.6

	Room#6
	119.5
	26.1
	22.2



[bookmark: _Toc16091328]5.3.4.2	Diffusivity Delays
The equalization procedure according to ES 202 396-1 utilizes four additional delays for each loudspeaker output channel. This step increases the diffusivity of the playback and may reduce cross-talk between the ears microphones. Table 15 provides the delay values used for each room.
[bookmark: _Ref16009821]Table 15: Diffusivity delays (in ms)
	Name
	Front/Rear Channel
	Left Channel
	Right Channel

	Room#1
	Front
	0
	11

	
	Rear
	17
	29

	Room#2
	Front
	17
	29

	
	Rear
	0
	11

	Room#3
	Front
	0
	11

	
	Rear
	17
	29

	Room#4
	Front
	0
	11

	
	Rear
	17
	29

	Room#5
	Front
	0
	11

	
	Rear
	19
	30

	Room#6
	Front
	0
	1

	
	Rear
	1
	2



[bookmark: _Toc16091329]5.3.4.2	Equalization Results
The equalization procedures of the five noise field simulations as described in clause 2 were successfully applied for all rooms. The binaural as well as the eight-channel transfer functions passed the tolerance of +/- 3 dB across the frequency range 50 Hz to 10 kHz, which is specified in ES 202 396-1 as well as in TS 103 224.
Figure 89 to Figure 93 show the validation results of the equalization procedure for all investigated simulation systems and measurement rooms. Note that Figure 89 to Figure 92 show the left and right ear equalization curves, while Figure 93 shows the eight microphone equalization curves of the spatial array.
It can be seen that binaural equalization using TS 103 224-4.0, TS103-4.1 and TS103-8.0 system yield smoother equalization compared to ES202.
NOTE:	Due to time constraints, Room#6 could not perform equalization and measurements with TS103-4.0.
[bookmark: _GoBack]
------------------------- END OF CHANGE 1 -------------------------

------------------------- START OF CHANGE 2 -------------------------
[bookmark: _Toc13040237][bookmark: _Toc16091334]5.3.6.1	Overall Results 
Table 18 shows the overall results for all the rooms, noise and both ears combined for the five different background noise (BGN) configurations. For both metrics AbsMax and Std, the maximum and average across all included cases. The lower the number the better.
[bookmark: _Ref12605999]Table 18: Overall results for the five BGN configuration
	System
	Max (AbsMax) [dB]
	Avg (AbsMax) [dB]
	Max (Std) [dB]
	Avg (Std) [dB]

	ES202
	12.03
	4.38
	3.72
	1.57

	TS103-4.0
	6.31
	2.25
	1.43
	0.66

	TS103-4.1
	6.45
	2.04
	1.77
	0.59

	TS103-8.0
	4.05
	1.70
	1.48
	0.46

	TS103-HS
	9.67
	3.74
	2.21
	1.06



NOTE 1:	For Room#6, there is no data for TS103-4.0 system available.
NOTE 2:	For Room#5, the noise Train_Station_binaural is missing in TS103-4.1.
NOTE 3:	Due to the different equalization points and different noise types used in TS103-HS, this configuration may not be included in all analyses shown in the following clauses.
The ES202 configuration provides the worst metrics, while TS103-8.0 has the best ones (by a factor of about 3 compared to ES202). TS103-4.0 and TS103-4.1 have quite similar results, but still not as accurate as TS103-8.0.
The results of the TS103-HS seem, at first glance, not as good as the binaural configurations of the TS103. But since the ear microphones were not used as equalization points in TS103-HS, higher deviations than for binaural equalizations are expected. Nevertheless, results are still better than for ES202.
[bookmark: _Ref13042809]Table 19: Details for AbsMax metric for the five BGN configuration
	System
	Max (AbsMax) [dB]
	Room
	Noise
	Frequency [Hz]
	Ear

	ES202
	12.03
	#3
	Pub
	50
	R

	TS103-4.0
	6.31
	#2
	FullSizeCar130
	5000
	R

	TS103-4.1
	6.45
	#2
	FullSizeCar130
	5000
	R

	TS103-8.0
	4.05
	#4
	FullSizeCar130
	5000
	R

	TS103-HS
	9.67
	#6
	FullSizeCar130
	10000
	R



Table 19 provides additional information about the maximum AbsMax (first column of Table 18). This aggregated metric can be tracked to a certain measurement room, noise type, frequency band and ear channel. For ES202, the pub noise causes the maximum value at 50 Hz and right ear. For TS103-4.0/-4.1/8.0, the right ear is affected as well, but here the car noise shows the largest deviations, commonly at 5 kHz. The same observation can be made for TS103-HS, but at 10 kHz.
An additional representation of the results is depicted in Figure 98. Here the number of spectral differences are counted, which pass the equalization requirement of +/- 3 dB. With eight noise types and two channels (left and right ear), 16 pass/fail checks are evaluated for each per noise field simulation.
The noise field simulation ES202 provides some contrary results: room #3 and #4 provide 10-11 passes, but also one room with only one pass (#6) and even two rooms (#2 and #5) with no pass at all.
With the binaural equalizations according to TS 103 224, the number of passes increases clearly. At least 10 out of 16 checks pass for all rooms. For Room#3, the configurations TS103-4.1 and TS103-8.0 pass all possible 16 checks.
Even though the noise field simulation TS103-HS was not equalized at the ear microphones, at least three (rooms #2 and #4) and for some cases between six and nine (rooms #1, #3, #5 and #6) passes can be noticed.
[image: ]
[bookmark: _Ref16155723]Figure 98: Number of analyses passing the equalization requirement

------------------------- END OF CHANGE 2 -------------------------
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